Abstract. Theory presented by Ashby states that the process of homeostasis is directly related to intelligence and to the ability of an individual in successfully adapting to dynamic environments or disruptions. This paper presents an artificial homeostatic system under evolutionary control, composed of an extended model of the GasNet artificial neural network framework, named NSGasNet, and an artificial endocrine system. Mimicking properties of the neuro-endocrine interaction, the system is shown to be able to properly coordinate the behaviour of a simulated agent that presents internal dynamics and is devoted to explore the scenario without endangering its essential organization. Moreover, sensorimotor disruptions are applied, impelling the system to adapt in order to maintain some variables within limits, ensuring the agent survival. It is envisaged that the proposed framework is a step towards the design of a generic model for coordinating more complex behaviours, and potentially coping with further severe disruptions.
Introduction
The term homeostasis has its origins in the work of the French physiologist Claude Bernard , who founded the principle of the internal environment, further expanded by Cannon in 1929 as the process of homeostasis [1] . Nonetheless, for Pfeifer & Scheier [2] , homeostasis was completely defined by the English psychiatrist William Ross Ashby in 1952 [3] . For Ashby, the ability to adapt to a continuously changing and unpredictable environment (adaptivity) has a direct relation to intelligence. During the adaptive process, some variables need to be kept within predetermined limits, either by evolutionary changes, physiological reactions, sensory adjustment, or simply by learning novel behaviours. Therefore, with this regulatory task attributed to the homeostatic system, the organism or the artificial agent can operate and stay alive in a viability zone.
Basically, homeostasis can be considered paramount for the successful adaptation of the individual to dynamic environments, hence essential for survival. Moreover, Dyke & Harvey [4] [5] have pointed out that in order to understand real or artificial life it is necessary to first understand the conceptual framework and basic mechanisms of homeostasis. In the human body some particular sensory receptors trigger specific responses in the nervous, immune and endocrine systems, which are the main systems directly related to the process of homeostasis [6] . Therefore, one can say that it is a consensus that homeostatic processes are strictly connected to the balance of any real or artificial life.
The theory presented by Ashby has motivated applications of homeostasis in the synthesis of autonomous systems in mobile robotics [7] [12] . In the framework developed here the entire artificial homeostatic system (AHS) is under evolutionary control. An artificial endocrine system (AES) is synthesized by means of evolution and is responsible for controlling the coordination of two evolved spatially unconstrained GasNet models, named non-spatial GasNets (NSGasNets) [13] .
This work is organized as follows: section 2 presents the basis of the approach adopted in this work, together with the details of our proposal of an evolutionary artificial homeostatic system. Section 3 depicts the suggested experiments and their implementation procedures. Section 4 encloses the simulation results of the artificial homeostatic system subject to some degrees of disruption. Finally, section 5 presents final remarks and suggests directions for future investigation.
Evolutionary Artificial Homeostatic System
The framework to be proposed is particularly concerned with neuro-endocrine interactions. The endocrine system employs chemical substances, called hormones, to promote homeostasis, metabolism and reproduction. The release of hormones can also affect the nervous system, which in turn can transmit nerve impulses affecting the production and secretion of hormones, thus establishing a control loop mechanism. There are positive and negative feedback processes represented by coupled difference equations, which are reminiscent of the biological neuroendocrine interaction.
The new evolutionary artificial homeostatic system (EAHS) is composed of an artificial endocrine system (AES) and two NSGasNet models (Figure 1 ). Our work proposes not only the evolution of both NSGasNets, but also of the AES, aiming at developing a more specialized architecture.
The AES consists of three main modules: hormone level (HL), hormone production controller (HPC), and endocrine gland (EG). The hormone level has a record of the level of hormone in the organism; the hormone production controller is responsible for controlling the production of hormones in response to
